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Introduction

Thermoelectric (TE) materials, which enable the conversion of waste heat into electricity, have been the object of extensive investigations over the past, with the aim to increase the efficiency of current fossil fuel combustion technology. The conversion efficiency of TE materials is directly linked to their figure of merit ZT given by:

ZT = α 2 T ρκ (1) 
with α the Seebeck coefficient, ρ the electrical resistivity, κ the thermal conductivity and T the absolute temperature. In the last decade, mid-temperatures (600 -800 K) thermoelectrics such as PbTe 1 , GeTe 2,3 , SnTe [START_REF] Muchtar | Physical Insights on the Lattice Softening Driven Mid-Temperature Range Thermoelectrics of Ti/Zr-Inserted SnTe-An Outlook Beyond the Horizons of Conventional Phonon Scattering and Excavation of Heikes' Equation for Estimating Carrier Properties[END_REF] , CoSb 3 -based skutterudites [START_REF] Rogl | Sb 12 (R = Sr, La, Mm, DD, SrMm, SrDD) approaching ZT ≈ 2.0[END_REF][START_REF] Zheng | Rational band engineering and structural manipulations inducing high thermoelectric performance in n-type CoSb 3 thin films[END_REF] and SnSe [START_REF] Zhao | Ultralow thermal conductivity and high thermoelectric figure of merit in SnSe crystals[END_REF][START_REF] Chen | Two-dimensional WSe 2 /SnSe p-n junctions secure ultrahigh thermoelectric performance in n-type Pb/I Co-doped polycrystalline SnSe[END_REF] with lization of an Mn-Si melt under a magnetic field of 3 T was also used to produce textured MnSi 1.74 polycrystalline ingots [START_REF] Yamauchi | Thermoelectric properties of crystal aligned higher manganese silicide fabricated by solidification under magnetic field[END_REF] . According to the authors, the electrical resistivity ⊥c was twice lower than for randomly oriented samples synthesized without magnetic field.

However, the resulting PF of 0.2 mW m -1 K -2 is about five times lower than reference samples from the literature due to a large amount of a secondary phase. Other thermomechanical processes such as rolling or hot-extrusion, which have been successfully used for other TE materials such as Bi 2 Te 3 [START_REF] Tan | Synergistically Optimized Thermoelectric Performance in Bi 0[END_REF] , oxides [START_REF] Prasad | Review on texturization effects in thermoelectric oxides[END_REF] and oxi-chalcogenides [START_REF] Sui | Texturation boosts the thermoelectric performance of BiCuSeO oxyselenides[END_REF] , are not applicable to TMS due to their purely elastic mechanical behaviors. These literature results show that inducing high texturation of TMS samples is a promising method to increase their TE performances but also that appropriate texture processes remain to be developed.

Here, an efficient texturation process is proposed which consists in slip casting a dispersion of CrSi 2 particles under a strong magnetic field (12 T). This process takes advantage of the diamagnetic anisotropy of the materials to align the freely moving particles in suspension along their easy magnetization axis [START_REF] Le Ferrand | Magnetic slip casting for dense and textured ceramics: A review of current achievements and issues[END_REF] . In addition, slip casting processes make possible the fabrication of large scale near net-shape parts which is of uttermost importance for efficient industrialization. The oriented green body obtained after slip casting can be further processed to obtain a fully dense textured sample. Such a process has already been successfully applied to oxides [START_REF] Suzuki | Twodimensional orientationo in Bi 4 Ti 3 O 12 prepared using platelet particles and a magnetic field[END_REF][START_REF] Suzuki | Triaxial crystalline orientation of MgTi 2 O 5 achieved using a strong magnetic field and geometric effect[END_REF] , carbides [START_REF] Grasso | Highhardness B 4 C textured by a strong magnetic field technique[END_REF][START_REF] Hu | Tailoring Ti 3 SiC 2 ceramic via a strong magnetic field alignment method followed by Spark Plasma Sintering[END_REF][START_REF] Suzuki | Effect of sintering conditions on microstructure 37 Accepted manuscript / Final version orientation in α-SiC prepared by slip casting in a strong magnetic field[END_REF] , nitrides [START_REF] Zhu | Texture Development in Si 3 N 4 Ceramics by Magnetic Field Alignment during Slip Casting[END_REF][START_REF] Suzuki | Effect of sintering additive on crystallographic orientation in AlN prepared by slip casting in a strong magnetic field[END_REF] and borides [START_REF] Wu | Microstructure and high-temperature strength of textured and non-textured ZrB 2 ceramics[END_REF] for instance but rarely to TMS [START_REF] Kaga | Fabrication of c -axis oriented higher manganese silicide by a high-magnetic-field and its thermoelectric properties[END_REF][START_REF] Wu | Microstructure and anisotropic properties of textured ZrB 2 and ZrB 2 -MoSi 2 ceramics prepared by strong magnetic field alignment[END_REF] . Indeed, CrSi 2 is a good candidate to demonstrate the usefulness of this texturation method for TE TMS because to our knowledge, (i) no data is available in the literature on textured polycrystalline samples, (ii) its congruent melting facilitates the synthesis of large amount of material prepared by conventional fusion/solidification processes, and (iii) it has a simple crystal structure compared to others TMS (MnSi 1.74

has an aperiodic crystal structure [START_REF] Le Tonquesse | Mesostructure -thermoelectric properties relationships in V x Mn 1-x Si 1.74 (x = 0, 0.04Higher Manganese Silicides prepared by magnesiothermy[END_REF][START_REF] Le Tonquesse | Influence of Stoichiometry and Aging at Operating Temperature on Thermoelectric Higher Manganese Silicides[END_REF] and β -FeSi 2 presents stacking faults [START_REF] Le Tonquesse | Magnesioreduction Synthesis of Co-Doped β -FeSi 2 : Mechanism, Microstructure, and Improved Thermoelectric Properties[END_REF] ) which make easier the realization of texture analyses. In this article, the texturation process is first described in detail and the optimal synthesis conditions are discussed. The texture of the samples were quantitatively analyzed using both electron backscattered diffraction (EBSD) and X-ray diffraction (XRD) techniques. The directional TE properties were measured and compared to a randomly oriented reference as well as single crystal data from the literature. The computed band structure and the transport properties of CrSi 2 are discussed in order to better understand the origin of the strong anisotropy in this material.

2 Experimental procedure

Synthesis

CrSi 2 was synthesized by arc-melting Cr chips (Aldrich Chemicals, 99.995 %) and Si pieces (Aldrich Chemicals, 99.95 %) in stoichiometric amount using a home-made furnace apparatus. The furnace chamber was purged three time with Ar and the resulting ingot of about 1.5 cm -3 was flipped and remelted four times to ensure good homogenization. The weight loss was under 0.2 wt.%. The CrSi 2 ingot was then pulverized into powder by wet ball-milling using a Fritsch Pulverisette 7 and Y-stabilized ZrO 2 jar and balls (Ø= 5 mm).

The ball-to-powder weight ratio was set to 5, the jar was filled with ethanol at 15 vol.% 

Powder and slurry characterizations

The grain size distribution of the ball-milled powder was determined by the dynamic light scattering (DLS) technique using a Microtrac Nanotrac ULTRA apparatus. Zeta-potentials were measured using a Malvern Nano Essentials zetasizer. The viscosity was measured using a Tokisangyo RE-215L viscometer. 

X-ray diffraction analyses

Scanning electron microscopy analyses

Back-scattered electron images and elemental energy dispersive spectroscopy (EDS) analyses of the sintered pellets were performed with a scanning electron microscope (SEM) Hitachi Tabletop TM3000. Particle morphology and EDBS mapping were realized using a JEOL JSM7000F SEM microscope equipped with a field-emission electron source. Samples preparation for EBSD consisted in successive polishings with silicon carbide, diamond and colloidal silica.
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Thermoelectric properties measurements

Thermal diffusivity (D) measurement was performed under N 2 atmosphere on Ø = 10 mm and 1 mm thick samples coated with graphite using a laser flash analysis (LFA) apparatus Netzsch 467 HyperFlash. The thermal conductivity was calculated using the expression 

κ = D•C p •d

Computational details

DFT band structure calculations

Density Functional Theory (DFT) calculations were carried out on diamagnetic CrSi 2 using the Quantum Espresso package [START_REF] Giannozzi | QUANTUM ESPRESSO: a modular and open-source software project for quantum simulations of materials[END_REF][START_REF] Giannozzi | Advanced capabilities for materials modelling with Quantum ESPRESSO[END_REF] . The cell parameters and atomic positions were fixed at their experimental values (CrSi 2 -r in Table 1). The generalized gradient approximation Burke, Perdew and Ernzerhof (PBE) functional [START_REF] Perdew | Generalized Gradient Approximation Made Simple[END_REF] and the projector augmented-wave (PAW) method [START_REF] Kresse | From ultrasoft pseudopotentials to the projector augmentedwave method[END_REF] were used. A kinetic energy cutoff of 200 Ry and a ten-times higher charge density cutoff were used for the calculations as a result of the convergence tests.

Convergence threshold energy for self consistent calculations was 1 × 10 -10 Ry per cell.

The Brillouin zone (BZ) integration was performed using a 11 × 11 × 7 Monkhorst-pack grid [START_REF] Monkhorst | Special points for Brillouin-zone integrations[END_REF][START_REF] Pack | Special points for Brillouin-zone integrations-a reply[END_REF] generating 847 k-points in the irreducible part of the BZ.
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Density of states and transport properties calculations

A Wannier function method was used for the extrapolation of electronic structure in the reciprocal space, as implemented in the Wannier90 code and its Boltzmann module [START_REF] Mostofi | wannier90: A tool for obtaining maximally-localised Wannier functions[END_REF][START_REF] Pizzi | Wannier90 as a community code: new features and applications[END_REF] .

The initial Wannier projection were chosen to be Cr 3d and Si 3s and 3p orbitals. The Wannierized wavefunctions from the Cr 3d orbitals have ignorable difference from their atomic orbital counterparts, thus the Wannier functions can still be indexed by the 3d atomic orbital index. The density of states (DOS) was calculated by summing up the contribution from all bands and k-points from the Wannier extrapolation on a grid 50 × 50 × 30. The temperature dependent chemical potential µ(T ) estimated from experiments (see section 4.6.3), the calculated band structure and a constant carrier lifetime τ = 5.5

× 10 -15 s were used for the calculation of the transport properties using the linearized semi-classical Boltzmann equation [START_REF] Scheidemantel | Transport coefficients from first-principles calculations[END_REF] . The anisotropic values were obtained by using the following expressions:

{α, ρ} c = {α, ρ} zz (2) 
and {α, ρ} ⊥c = ({α, ρ} xx + {α, ρ} yy )/2

for both Seebeck coefficients and electrical resistivity along and perpendicular to the c-axis, the index x,y and z correspond the Cartesian axes. The anisotropic properties calculated in such way correspond to the case of an ideal single crystal, but due to the high texturation, they should also be comparable to our experimental measurements. COHP (Crystal Orbital Hamilton Population) curves which indicate energetic contributions of crystal orbitals between atoms, were calculated using the LOBSTER code [START_REF] Dronskowski | Crystal orbital Hamilton populations (COHP): energyresolved visualization of chemical bonding in solids based on density-functional calculations[END_REF][START_REF] Deringer | Crystal Orbital Hamilton Population (COHP) Analysis As Projected from Plane-Wave Basis Sets[END_REF][START_REF] Maintz | Analytic projection from plane-wave and PAW wavefunctions and application to chemical-bonding analysis in solids[END_REF][START_REF] Maintz | LOSTER A tool to extract chemical bonding from plane-wave based DFT[END_REF] .
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Carrier concentration determination

As an important input for the transport calculation, the temperature dependent chemical potential µ(T ) was determined from the carrier concentration n experimentally obtained from Hall measurements at room temperature, using the charge neutrality requirement n h (µ, T )n e (µ, T ) = n with n h and n e the concentration of holes and electrons, respectively, which depend on the temperature T and the chemical potential µ according to the expression [START_REF] Kittel | Introduction to Solid State Physics[END_REF] :

n h = 1 V ε v -∞ D (ε) (1 -f (µ, ε, T )) dε (4 
)

n e = 1 V ∞ ε c D (ε) f (µ, ε, T ) dε (5) 
with ε v and ε c the energies of the valence band maximum (VBM) and the conduction band minimum (CBM), V the volume of the unit cell, D(ε) the density of states obtained from the electronic structure calculation, and f (µ, ε, T ) the Fermi-Dirac distribution function. The carrier concentration n = 1 × 10 20 cm -3 was assumed to remain constant all over the temperature range. µ(T ) was determined numerically using the equations ( 4) and (5).

Since n is high, the calculated chemical potential was found below the valence band maximum at room temperature. It was shifted upward with increasing temperature but always found below VBM in the current assumption. 

Results and discussion

Synthesis of textured CrSi 2

A crucial step to obtain materials with high texturation using the magnetic slip casting process is the careful preparation of a stable slurry composed of single crystalline and mono-dispersed particles. Formation of aggregates would reduce the rotation movement of the particles in the dispersion and prevent the good alignment of their easy magnetization axis with the magnetic field. In addition, important aggregation of the particles may result in fast sedimentation of the slurry and the formation of a low-density green body with weak mechanical resistance. The particle size distribution is an important parameter that dictates the stability of the dispersion. Dispersions composed of particles with size less than 1 µm are expected to show higher stability as the effect of the Brownian force acting on the individual particles becomes preponderant over the gravitational attraction which tends to promotes their settlement. However, the random nature of the Brownian motion may also interfere with the proper alignment of small particles. Indeed, the magnitude of the magnetic torque T m that rotates the individual particles upon application of a magnetic field B is given by the relation [START_REF] Le Ferrand | Magnetic slip casting for dense and textured ceramics: A review of current achievements and issues[END_REF] :

T m = - ∆χV B 2 2µ 0 × sin(2θ ) (6) 
where ∆χ is the difference of diamagnetic susceptibilities between the hard and the easy magnetization axes, V is the volume of the particle, θ is the angle between the imposed magnetic field direction and the easy magnetization axis and µ 0 is the vacuum permeability. Relation (6) clearly shows that the magnitude of the magnetic torque is proportional to the particle volume. In practice, a good alignment of particles with size inferior to about 200 nm becomes challenging even with a magnetic field as high as 12 T due to 10

Accepted manuscript / Final version both lower T m and increasing effect of the Brownian motion. Thus, a compromise on the particle size needs to be reached in order to allow both a good stability of the dispersion and a strong alignment of the particles. Considering the average diamagnetic constant χ dia ≈ -10 -5 for CrSi 2 [START_REF] Ohsugi | Temperature dependence of the magnetic susceptibility of a CrSi 2 single crystal[END_REF] , powders with a medium value of the particle size distribution d 50 between 1 µm and 200 nm are expected to give the best results.

The bulk CrSi 2 ingot used for the powder preparation was synthesized conventionally by arc-melting process. The XRD pattern of the as-cast ingot is shown in Figure 1a. All peaks could be indexed with the CrSi 2 structure which adopts the hexagonal C40 structuretype (space group P6 2 22, No. 180) shown in Figure 2a. Le Bail refinement gave lattice parameters a = 4.42724(6) Å and c = 6.36194(9) Å in agreement with literature data [START_REF] Nishida | The crystal growth and thermoelectric properties of chromium disilicide[END_REF] .

As shown in Figure 1b, the ingot was mostly composed of macroscopic crystals with size superior to 100 µm that were pulverized into powder using wet ball-milling. Figures 1c andd show a SEM image and the size distribution determined by DLS of the ball-milled CrSi 2 powder, respectively. The particle size distribution follows a log-normal law characterized by an average size and a standard deviation of 444 nm and 132 nm, respectively.

A d 50 value of 405 nm was determined from the cumulative frequency curve. The powder particles are fragments of large macroscopic crystals constituting the as-cast ingot and are thus considered as single crystalline. The present powder fulfills all the requirements stated above for the preparation of high-quality slurry for magnetic slip casting.

The electrostatic interactions between the particles in a dispersion is an other important parameter to take into account to prevent their aggregation and settlement. Increasing the repulsive electrostatic interactions between the particles was realized by adsorbing PEI at their surface. The zeta-potential, approximately corresponding to the surface electric charge of the particles, was increased from about -10 mV to -50 mV by adjusting the acidity of the solution with acetic acid. The viscosity of the slurry with a solid load of 20 wt.% was monitored for more than 2 hours and remained stable around 1.42 mPa s, confirming The slip-casting set-up is shown in Figure 3. After the slurry was poured, the mold was placed inside a superconducting magnet applying a 12 T static magnetic field. Depending on the desired texture direction, the magnetic field was applied either perpendicular or parallel to the slip casting direction. Indeed, the full characterization of TE materials requires samples shaped as thin pellets for thermal conductivity measurements with the LFA method and bars for electric resistivity and Seebeck coefficient measurements using the 4-probe method. In the case of textured materials, the texture orientation needs to be the same, perpendicular to the pellet surface and parallel to the bar length. In the case of anisotropic materials, measurements of the TE properties along different texture directions may result in a highly overestimated ZT. Proper characterizations are usually achieved by cutting a thick densified pellet into smaller samples with shapes and dimensions welladapted for the measurements. Instead, two different oriented samples with thickness of about 2 mm and complementary texture orientations were synthesized by setting the magnetic field direction vertically (sample CrSi 2 -v) or horizontally (sample CrSi 2 -h). A reference sample with random orientation (CrSi 2 -r) was also prepared using the same process but without magnetic field. Within 8 hours, the solvent of the dispersion went entirely through the membrane into the porous support leaving green bodies with relative densities of about 55 %. In those conditions, the green bodies did not show enough mechanically stability to withstand the uniaxial pressure applied during sintering. Therefore, they were first consolidated via CIP technique to a relative density ≈ 65 % while preventing degradation of the texturation (see Figure SI 2). Finally, the green bodies were sintered via SPS technique into pellets with relative density of 98 % and 96 % for random and oriented samples, respectively. Despite identical sintering conditions for all the samples, crystallographic orientations of the grains in the green bodies may affect significantly the surface energy and therefore the densification mechanisms resulting in slightly different densities.

The powder XRD patterns of the sintered random and oriented pellets shown in Figure 4a were well indexed with the CrSi shows an important c-axis texturation of about 20 mrd along the X direction of the sample surface. A similar c-axis texture of about 20 mrd is also found for CrSi 2 -h but along the Y direction that is parallel to the sample surface. In both cases, the main alignment component is aligned with the magnetic field direction applied during slip casting. The IPF along the Y and Z directions of CrSi 2 -v and the X and Z directions of CrSi 2 -h reveals that the a-axis of the crystallites is randomly oriented in the plane perpendicular to the easy-axis direction resulting in a fiber texture symmetry. This suggests that the dispersed particles in the slurry remain free to rotate around the c-axis when the magnetic field is applied. Such a fiber texture symmetry is common for materials synthesized by this process and can be found, for example, in hexagonal Al 2 O 3 [START_REF] Guilmeau | Rietveld texture analysis of alumina ceramics by neutron diffraction[END_REF] and LiCoO 2 [START_REF] Yamada | Fabrication and analysis of the oriented LiCoO 2 by slip-casting in a strong magnetic field[END_REF] .

XRD measurements were performed as a complementary texture characterization presenting the advantage to analyze a larger volume fraction of the sample. The analyses consisted in measuring several θ -2θ scans at different tilting angles χ and azimuthal rotation φ using a X-ray diffractometer equipped with χ-φ attachment as schematized in Figure 6a. The refined set of structural parameters was then used for OD refinement and so on until the refinement procedure converged. Conventional R wp , R exp and χ 2 profile reliability values were used to assess the conformity of the Rietveld refinement of the whole data set.

Similarly, the Rietveld-like R b and R w reliability values were used to assess the quality of the OD refinement [START_REF] Chateigner | Combined Analysis[END_REF] . A selection of refined diffraction patterns for CrSi 2 -h and the refined structural parameters for all the samples are shown in Figure 7a and The refined lattice and structural parameters are similar for all the samples with a ≈ 4.43 Å, c ≈ 6.36 Åand x ≈ 0.166 for the position coordinate of Si on the 6j Wickoff site. These values correspond well to those determined above for the as-cast ingot and those reported in the literature [START_REF] Nishida | The crystal growth and thermoelectric properties of chromium disilicide[END_REF] . High profile reliability values were obtained due to the large number of data patterns used for the refinement but also to the difficulty to take into account the asymmetry of the very intense 0003 peak at low χ angles in the patterns of techniques can be attributed to the limited number of analyzed grains by EBSD but also because of the imperfect fitting of the XRD diffraction patterns. However, both techniques agreed that the easy axis texture has a high and comparable orientation strength regardless of the magnetic field direction. This is of uttermost importance in order to properly compare the directional TE properties and obtain reliable estimation of ZT. 

Thermoelectric property measurements

The Seebeck coefficient, electrical resistivity and thermal conductivity of the magnetically oriented bulk CrSi 2 samples were measured over the 300-800 K temperature range, in order to evaluate their anisotropy. As shown in Figure 8, the thermal conductivity parallel (κ c ) and perpendicular (κ ⊥c ) to the c-axis texture were measured on the pellet-shaped CrSi 2 -v and CrSi 2 -h samples, respectively. The measured thermal conductivities shown in Figure 9a reveal a moderate anisotropy. At 323 K for instance, κ c is higher than κ ⊥c with values of 13.5 and 10.9 W m -1 K -1 , respectively. It corresponds to a κ c /κ ⊥c ratio of 1.25 that remains constant up to the highest measured temperature of 773 K. This ratio is lower than for single crystals with reported value of 1.5 [START_REF] Solomkin | Homogeneity domain and thermoelectric properties of CrSi 2[END_REF] . This must be due the lower 20 The electronic contribution to the thermal conductivity was estimated using the Wiedemann-Franz law to be around 0.60±0.15 W m -1 K -1 for all the samples. This means that the difference of total thermal conductivities along the different crystallographic directions is mostly due to different lattice thermal conductivities, i.e., propagation of heat-carrying phonons by the lattice. The present thermal conductivities are slightly higher than some reported κ values for polycrystalline CrSi 2 which are generally close to 10 W m -1 K -1 at the same temperature [START_REF] Dasgupta | thermal, and electrical properties of CrSi 2[END_REF] . This is attributed to the higher relative density of our samples 21
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Accepted manuscript / Final version (> 96 %) compared to samples from the literature which usually show relative densities in the range of 90 -92 %. In the present case, higher densities could be achieved by increasing significantly the sintering temperature to 1573 K using a pyrometer for temperature control instead of a conventional K-type thermocouple limited to a maximum temperature of 1273 K. Note that it has been shown both experimentally [START_REF] Voronov | Chemical Bonds in Solids: Volume 4: Semiconductor Crystals, Glasses, and Liquids[END_REF][START_REF] Nakasawa | Thermoelectric Properties of Mo and Ge co-substituted CrSi 2[END_REF] and theoretically 80 that κ for CrSi 2 is relatively high mainly owing to the high lattice thermal conductivity part, which is responsible for over 90 % of κ. than [10 10] but with a significantly larger anisotropy with a ρ [0001] /ρ [10 10] ratio of 0.5 at 650 K [START_REF] Solomkin | Homogeneity domain and thermoelectric properties of CrSi 2[END_REF][START_REF] Lasjaunias | Transport and low temperature specific heat measurement of CrSi 2 single crystal[END_REF] . Note that a quantitative comparison of electronic resistivities between polycrystalline samples and single crystals is in turn difficult to establish due to the presence of grain boundaries in the former. Surprisingly, electrical resistivity of CrSi 2 -r is consistently lower on the whole temperature range than for both textured samples whereas intermediate values would be expected. Hall measurement performed on the non-textured sample CrSi 2 -r gives a charge carrier concentration n = 9 × 10 20 cm -3 and an electron mobility µ = 7 cm 2 V -1 s -1 at 298 K which are consistent with literature data [START_REF] Nagai | Effects of Nb substitution on thermoelectric properties of CrSi 2[END_REF] . The lower resistivity of CrSi 2 -r is not attributed to different charge carrier concentrations among the sample as they were synthesized from the same powder batch and using the same process conditions.

Unfortunately, this could not be verified experimentally since Hall measurements of nonisotopic materials require the determination of the galvanomagnetic tensor entering the Hall equation [START_REF] Casimir | The electric resistance of single crystals of bismuth in a magnetic field[END_REF] which cannot be accurately determined on textured samples due to the imperfect crystallographic orientations [START_REF] Akgoz | Space-time symmetry restrictions on the form of transport tensors. I. Galvanomagnetic effects[END_REF] . The lower electrical resistivity of CrSi 2 -r is more likely due to its higher density (98 %) compared to that of the textured samples (96 %).

It is well known that α and ρ are interdependent in TE materials which makes large improvement of the power factor (PF) challenging. Interestingly, in the case of CrSi 2 , both α and ρ show the best TE properties along the c-axis. As a result, the magnetically oriented The estimated relative uncertainty is 11 %, 8 % and 6 % for the thermal conductivity, electrical resistivity and Seebeck coefficient, respectively [START_REF] Alleno | A round robin test of the uncertainty on the measurement of the thermoelectric dimensionless figure of merit of Co 0.97 Ni 0.03 Sb 3[END_REF] .

samples show that PF c is much higher than PF ⊥c with values superior to 2 mW m -1 K -2 over the whole temperature range measured as shown in Figure 9d. From the TE properties measured along the different texture direction on the samples CrSi 2 -v and CrSi 2 -h, it is possible to calculate an estimated directional ZT (Figure 10). It is worth to notice that because the thermal conductivity and electronic properties measured c and ⊥c were not performed on the same samples, the ZT values presented here can only be taken as an estimation. Nevertheless, CrSi 2 -r have a maximum ZT of 0.13 at 773 K which is in good agreement with literature data for polycrystalline CrSi 2 [START_REF] Nagai | Effects of Ge substitution on thermoelectric properties of CrSi 2[END_REF] . Thanks to the larger PF and despite a higher thermal conductivity, ZT c is much higher than ZT ⊥c on the whole temperature range reaching a maximum of 0.20 at 773 K. This represents a 50 % improvement of ZT compared to the randomly oriented sample. A prove of the high quality of the texturation is that the present estimated ZT c is very similar to the ZT along the c-axis reported for 24

Accepted manuscript / Final version single crystals (Figure 10) [START_REF] Solomkin | Homogeneity domain and thermoelectric properties of CrSi 2[END_REF] . This demonstrates that slip casting under a magnetic field is promising as a texturation processing route to fully take advantage of thermoelectric materials with anisotropically decoupled electrical transport properties.

Figure 10: Estimated ZT of CrSi 2 parallel to the c-axis orientation (red), perpendicular to the c-axis orientation (blue), for random orientation (black) and for the reference sample (white). Literature ZT values measured on single crystalline [START_REF] Solomkin | Homogeneity domain and thermoelectric properties of CrSi 2[END_REF] and polycrystalline [START_REF] Burkov | Silicide Thermoelectrics: Materials for Energy Harvesting[END_REF] samples are shown with empty and filled star symbols, respectively.

Theoretical calculations

DFT band structure calculations and electronic transport property computations were performed on bulk CrSi 2 in order to rationalize the anisotropy of the Seebeck coefficient and the electrical resistivity experimentally observed for the magnetically c-axis oriented samples (see the experimental section for computational details). The calculated band struc- agreement with those computed previously [START_REF] Dasgupta | thermal, and electrical properties of CrSi 2[END_REF][START_REF] Lasjaunias | Transport and low temperature specific heat measurement of CrSi 2 single crystal[END_REF][START_REF] Mattheiss | Electronic structure of CrSi 2 and related refractory disilicides[END_REF] and the experimentally measured optical value [START_REF] Bost | An investigation of the optical constants and band gap of chromium disilicide[END_REF][START_REF] Bellani | Theory and experiment on the optical properties of CrSi 2[END_REF] .

As previously noticed, the electronic structure of CrSi 2 is quite complicated due to its specific atomic arrangement [START_REF] Dasgupta | thermal, and electrical properties of CrSi 2[END_REF][START_REF] Lasjaunias | Transport and low temperature specific heat measurement of CrSi 2 single crystal[END_REF][START_REF] Mattheiss | Electronic structure of CrSi 2 and related refractory disilicides[END_REF] with both flat and dispersive bands computed in almost all directions of the BZ (Figure 11a). Indeed, the crystal structure of CrSi ment between theory and experiments is observed overall for the Seebeck coefficient. The gradual increase with the temperature is well reproduced up to 600 K both for α c and α ⊥c .

On the other hand, the rapid decrease of the Seebeck coefficient observed experimentally above 600 K is not predicted by the calculations. Note that in our calculations, the number of n-type carriers is always far less than the p-type holes due to the high extrinsic p-type carrier concentration, and therefore the intrinsic bipolar excitation effect should be unsignificant. We think that a possible reason for the decrease of the thermopower beyond 600 K for both α c and α ⊥c may be extrinsic excitations occurring at high temperature rather than bipolar diffusion of carriers. Interestingly, the large anisotropy α c /α ⊥c of the Seebeck coefficient evidenced experimentally is theoretically confirmed. This anisotropy needs to be rationalized. Indeed, in a single band model without competing scattering events, the Seebeck coefficient is expected to be isotropic even if the electrons may have a different effective mass along different crystallographic directions [START_REF] Dennis | Anisotropy of the Seebeck Coefficient of Bismuth Telluride[END_REF][START_REF] Bies | Thermoelectric properties of anisotropic semiconductors[END_REF] . In the case of and α ∆ of the bands R and ∆, respectively, along a specific crystallographic direction in the reciprocal space [START_REF] Chasapis | Understanding the role and interplay of heavy-hole and lighthole valence bands in the thermoelectric properties of PbSe[END_REF][START_REF] Sun | Highly efficient (In 2 Te 3 ) x (GeTe) 3-3x thermoelectric materials: a substitute for TAGS[END_REF] :

α tot = N R β α R + N ∆ α ∆ N R β + N ∆ (7) 
with N R and N ∆ the multiplicity of the bands and β the mobility ratio between the two bands along this crystallographic direction:

β = m * R m * ∆ (8) 
The effective masses and multiplicities of the two bands R and ∆ calculated form the band structure calculations are given in Table 2. The Seebeck contribution of each band with respect to the temperature was calculated using the parabolic band model and an estimated chemical potential µ(T ) (see the experimental section for details) using the equation:

α(T ) = 1 eT ε 3/2+η (ε -µ)(-∂ f ∂ ε )dε ε 3/2+η (-∂ f ∂ ε )dε (9) 
28

Accepted manuscript / Final version with η = -1/2 for acoustic phonon scattering. The Seebeck coefficient values obtained from equation ( 7) by introducing α(T ) calculated from eq. ( 9) and the parameters given in Table 2 for each band successfully predict qualitatively the large anisotropy measured experimentally with a α c /α ⊥c ratio of about 1.4 all over the 300 -800 K temperature range (Figure SI 7a). This result shows that the anisotropy in Seebeck must come from the difference in mobility ratio between the hole pocket participating in the electrical conduction. The contribution from the pocket ∆ is large and leads to a much enhanced Seebeck coefficient along the c-axis. Note that using a somewhat more sophisticated approach derived from the microscopic electronic model for multi-valleyed materials with parabolic bands proposed by Bies et al. [START_REF] Bies | Thermoelectric properties of anisotropic semiconductors[END_REF] ing smaller effective masses. In particular, the strong Cr-Cr interaction along the c-axis is confirmed by an analysis of its corresponding COHP curve (Figure 11c) and its integrated-ICOHP value (0.364 Ry/cell) with respect to that of the very weak Cr-Cr interaction in the a,b-plane (-ICOHP = 0.036 Ry/cell). In agreement with a previous report [START_REF] Dasgupta | thermal, and electrical properties of CrSi 2[END_REF] , the Cr-Cr COHP curve along the c-axis features quite substantially Cr antibonding states below the Fermi level. This indicates that (i) the bonding situation in CrSi 2 is not fully optimized, and (ii) these antibonding states play a major role in determining the electrical transport properties.

Conclusion

In this paper, an original synthesis method to obtained good quality and highly textured polycrystalline CrSi 2 material is presented. It consists in applying a strong magnetic field during the slip casting of a CrSi 2 suspension to orient the particles along their easy magnetization. Both EBSD and XRD analyses indicated a strong fiber texture symmetry of the sintered pellets with maximum {0001} texture densities > 10 mrd parallel to the magnetic field direction. The TE properties were measured parallel and perpendicular to the texture direction. The thermal conductivity showed a moderate anisotropy with a κ c /κ ⊥c ratio of 1.25 at 773 K. Surprisingly, the Seebeck coefficient showed a much larger anisotropy with α c /α ⊥c ∼ 1.5 and α c reaching a maximum of 198 µV K -1 at 650 K. The electrical resistivity was also lower c which results in largely improved PF c of about 2 mW m -1 K -2 on the whole temperature range. This is 100 % and 60 % higher than PF ⊥c and PF of a randomly oriented sample, respectively. DFT calculations revealed that the high α c , and silicides that are promising materials for industrial applications. Additional studies are currently being undertaken to increase even more the industrial potential of this process, for example, by increasing the dimension of the samples that can be synthesized (without inducing texture heterogeneity) but also by reducing the magnetic field strength required for the particles orientation (ideally using permanent magnets). Finally, the approach used here for silicides can certainly also be applied to other high performance materials showing large anisotropy of their TE properties such as higher manganese silicides or SnSe.

  and the milling was performed at 200 rpm for 8 h. The ball-milled powder was dried overnight at 373 K. A slurry containing 20 wt.% solid load was prepared by dispersion of the CrSi 2 powder in absolute ethanol. 0.3 wt.% of polyethylenimine (PEI) dispersing agent (Sigma Aldrich, average M = 10000 g mol -1 , linear chains) was added to the slurry and the acidity was adjusted with 0.1 vol.% of acetic acid to reach an equivalent pH of 5.5.The breaking of the aggregates was ensured by thoroughly sonicating the slurry. The later was poured in the slip casting set-up consisting of a cylindrical polyethylene mold (Ø= 12 mm, height = 40 mm) placed on a porous alumina plate (25 % porosity) covered with a membrane filter (200 nm pores size). The mold containing the slurry was covered with a plastic film in order to prevent evaporation of ethanol. The slip casting set-up was placed inside a 12 T superconducting magnet either in vertical or horizontal position. The green bodies were first densified by cold isostatic pressing (CIP) at 394 MPa for 10 min then by 5 Accepted manuscript / Final version spark plasma sintering (SPS) in a Ø = 10 mm graphite die at 1523 K (heating and cooling rate of 50 K min -1 ) and 80 MPa for 10 min.

  XRD analyses were performed using a Rigaku TTRIII diffractometer equipped with a rotating Cu anode (λ Kα1 = 1.5406 Å and λ Kα2 = 1.5444 Å with a ratio I Kα2 /I Kα1 of 0.5, 45 kV and 150 mA) and a D/teX Ultra detector. XRD texture analyses were performed using a Rigaku SmartLab diffractometer equipped with χ-φ attachment, a rotating Cu X-ray anode (λ Kα1 = 1.5406 Å and λ Kα2 = 1.5444 Å with a ratio I Kα2 /I Kα1 of 0.5, 45 kV and 200 mA) and a HyPix-3000 detector. For XRD texture measurements, 2θ /θ scans were measured in the range 5 • -130 • with a step size of 0.02 • . The χ angle was measured in the range 0 • -45 • with a step size of 5 • for all samples and the φ angle was measured in the range 0 • -180 • with a step size of 5 • for CrSi 2 -h and kept constant for CrSi 2 -r and CrSi 2 -v. Refinement of the XRD patterns and texture analyses were performed using the MAUD software[START_REF] Lutterotti | Material Analysis Using Diffraction): a user friendly Java program for Rietveld Texture Analysis and more[END_REF] .

  with D the thermal diffusivity, d the density and C p the specific heat. C p was calculated using the Dulong-Petit law C p = 3•N•R/M = 0.69 J g -1 K -1 with N=3 the number of formula per unit cell, R the ideal gas constant and M the molar mass. d was determined by the Archimede method in absolute ethanol. The Seebeck coefficient and electrical resistivity were measured simultaneously on 9×1×2 mm 3 bars using a ZEM5 equipment under partial He atmosphere. The Hall coefficient (R H ) was measured in AC mode using a physical property measurement system (PPMS, Quantum Design) with a magnetic field sweeping from -5 T to +5 T. The charge carrier concentration n of the sample CrSi 2 -r was calculated from the expression n = 1/eR H with e the elementary charge of the electron.

  A temperature dependent µ(T ) was used for the calculations of the electrical resistivity and Seebeck coefficient. The above calculated carrier concentrations n h and n e with respect to temperature are shown in Figure SI 1.

Figure 1 :

 1 Figure 1: (a) Le Bail refined pattern and (b) SEM image of the as-casted CrSi 2 ingot showing that it is mostly composed of well-faceted macroscopic crystals, (c) SEM secondary electron images and (d) particle size distribution of the ball-milled CrSi 2 powder determined by DLS

  2 structure. SEM back-scattered electron image and EDS analyses of the CrSi 2 -v sample surface are shown in Figure 4b and Figure SI 3, confirming that CrSi 2 is the main phase. However, SEM analyses also revealed some CrSi impurity visible as light gray spots of about 1 µm for all the samples. These impurities representing a negligible phase fraction of the samples were no detected on the XRD patterns. One 13 Accepted manuscript / Final version

Figure 3 :

 3 Figure 3: Description of the texturation process in 3 steps: (1) the slurry is poured in the slip casting (blue arrow) set-up and the solvent starts to be slowly drained through the membrane inside the porous support (2) the particles in the slurry are being aligned along their easy magnetization axis by application of a vertical 12 T magnetic field (yellow arrow) inducing a magnetic torque (3) a textured green body is obtained after all the solvent had been removed

Figure 4 : 5 .

 45 Figure 4: (a) XRD patterns of CrSi 2 -r (black), CrSi 2 -v (red) and CrSi 2 -h (blue) sintered samples (b) SEM back-scattered electron image of the sample's surface of CrSi 2 -v with corresponding EDS elementary maps

Figures 6b and 6c

  Figures 6b and 6c show the square root of the diffracted intensities for CrSi 2 -r and CrSi 2 -v, respectively, at different χ angles. Measurements with different φ rotation were unnecessary because of the texture symmetry of these samples evidenced by EBSD analyses. In the opposite case of CrSi 2 -h, the texture axis is parallel to the sample surface and the relative diffracted intensities are thus expected to vary with φ rotation. Because of the large number of measured patterns for CrSi 2 -h (162 in total) the square root of the diffracted intensities is only shown in Figure 6d for fixed χ = 25 • . Diffraction data for χ 40 • werenot taken into account in the analysis because of the defocusing effect which provokes a large broadening of the peaks at higher angles. The analyses of the crystal structure and texturation of the samples were performed simultaneously by fitting the whole collection of diffraction patterns using conventional Rietveld method combined with a refinement of the orientation distribution (OD) with the algorithm E-WIMV[START_REF] Yansheng | Estimation of the true orientation distribution function determination of the maximum-entropy method by the Taylor model[END_REF][START_REF] Chateigner | Combined Analysis[END_REF] as implemented in the

Figure 5 :

 5 Figure 5: EBSD maps of the surface of (a) CrSi 2 -r, (b) CrSi 2 -v and (c) CrSi 2 -h. with the corresponding IPF

Figure 7b .

 7b Figure 7b. In addition to give precious texture information, this method has the advantage to enable crystal structure refinement of the samples used for TE measurements despite the strong effect of the texture on the diffracted intensities.

Figure 6 :

 6 Figure 6: (a) Schematic representation of the XRD geometry used for texture analyses. 2D maps showing the square root of the diffracted intensities for (b) CrSi 2 -r with 0 • χ 35 • , (c) CrSi 2 -v with with 0 • χ 40 • and (d) CrSi 2 -h with with 0 • φ 180 • and χ = 25 •

CrSi 2

 2 -v. However, the OD R-factors show acceptable values especially in the case of the present sample showing strong texturation strength. In the case of randomly oriented 18 Accepted manuscript / Final version CrSi 2 -r shown in Figure 6b, no visible variation of the relative peak intensities was noticed upon increasing of χ angle. In agreement with EBSD analysis, the calculated IPF show no significant texturation. The XRD patterns of CrSi 2 -v and CrSi 2 -h reveal clear variation of the relative intensity of the peaks with χ and φ angles, respectively. In the case of CrSi 2 -v (Figure 6c), the intense 0003 reflection at χ = 0 • rapidly decreases to become weak at χ = 25 • . The 11 24 reflection at 2θ ∼ 74 • , with weak intensity at χ = 0 • , becomes relatively intense at χ = 30 • . It corresponds well to the angle of 27.6 • that forms between the normal of the families of Miller planes 11 24 and 0003 and thus where they are expected to be in diffraction condition in the case of a perfectly oriented sample. In the case of CrSi 2h (Figure 6d), were the crystallites are predominantly oriented with their c-axis along Y direction, the Bragg intensities are strongly varying with the φ rotation. For example, the 11 20 reflection at 2θ ∼ 40 • is the most intense reflection when the sample c-axis texture direction is parallel with the diffraction plane (at φ = 90 • ) than perpendicular (at φ = 0 • or 180 • ). In the opposite, other Bragg reflections such as 30 32 at 2θ ∼ 81 • or 22 43 at 2θ ∼ 104 • have their maximum intensities at φ = 0 • ≡ 180 • . Calculated IPF for CrSi 2 -v and CrSi 2 -h show high c-axis texture along the X and Y directions, respectively, in agreement with EBSD results. The maximum orientation densities of about 10 mrd in both cases are about twice smaller than those determined by EBSD. The discrepancy between the two

Figure 7 :

 7 Figure 7: (a) Selection of Rietveld refined XRD patterns of CrSi 2 -h measured at different φ rotations and at χ = 20 • (b) IPF calculated from the combined Rietveld and OD refinements of the XRD patterns

Figure 8 :

 8 Figure 8: Scheme showing how the pellets of (a) CrSi 2 -v and (b) CrSi 2 -h were cut and measured for directional TE measurements and the corresponding {0001} and {10 10} EBSD pole figures

Figure 9 :

 9 Figure 9: High temperature thermoelectric properties of CrSi 2 parallel to the c-axis orientation (red), perpendicular to the c-axis orientation (blue), for random orientation (black) and for the reference sample (white): (a) thermal conductivity, (b) Seebeck coefficient, (c) electrical conductivity and (d) power factor. The estimated relative uncertainty is 11 %, 8 % and 6 % for the thermal conductivity, electrical resistivity and Seebeck coefficient, respectively 84 .

  ture and DOS are shown in Figures 11a and b, respectively. The band structure reveals semiconducting properties with an indirect band gap of 0.35 eV between a valence-band maximum at L and a conduction band minimum at M. The smallest value for a direct band gap is 0.52 eV at L (see the first Brillouin zone (BZ) in Figure SI 6 for the labeling of the symmetry points and symmetry lines). These band gap values are in a good 25 Accepted manuscript / Final version

2 Figure 11 :

 211 Figure 11: (a) calculated band-structure of CrSi 2 with the contribution of the 3d z 2 orbital in red and other 3d orbitals in green. (b) corresponding total and projected density of states (DOS). The cartesian axes z, and x and y are along the c-axis and in the a,b-plane, respectively. (c) Calculated COHP for Cr-Cr interactions in CrSi 2 .

CrSi 2 ,

 2 the band structure shows a band along the Γ → A symmetry line (∆) (corresponding to the c-direction in the real space) with the maximum in the vicinity of A that is only 0.15 eV below the maximum at L of the valence band along the A → L symmetry direction (R) 27 Accepted manuscript / Final version (corresponding to the a,b-plane in the real space). The anisotropy of the Seebeck coefficient in CrSi 2 may thus originate from a multi-band conduction with a different electron mobility ratio along the c-axis and the a,b-plane. In a two-band model, the combined Seebeck coefficient α tot is the electron mobility m * weight average of the contributions α R

Table 2 : 2 Band

 22 Multiplicities and calculated effective masses along c and in the a,b plane for the band R and ∆ of CrSi

  modified for non-degenerate bands, leads to a more quantitative agreement (compare Figure 12a and Figure SI 7b).

Figure 12 :

 12 Figure 12: Calculated (solid line) and experimental (signs) Seebeck coefficient (a) and electrical resistivity (b) for CrSi 2 . Transport properties along the c-axis and in the a,bplane are in blue and red, respectively.

30

  Accepted manuscript / Final version consequently PF c , originate from a two-band conduction and the large presence of the Cr d z 2 states near the valence band maximum in CrSi 2 . The measurements of the TE properties along the different texture directions of two oriented samples enable the estimation of the directional ZT. A maximum ZT c of 0.2 at 773 K was estimated which is consistent with values reported for single crystal and represents a 50 % improvement compared to untextured polycrystalline CrSi 2 . The present work clearly shows that texturation can be advantageously used to improved the TE properties of bulk polycrystalline thermoelectric

Table 1 ,

 1 respectively. SI 4 and SI 5. The refined OD were used to calculate the IPF for all the samples shown in

A selection of refined diffraction patterns for CrSi 2 -r and CrSi 2 -v can be found in Figures 17 Accepted manuscript / Final version

Table 1 :

 1 Structural parameters and R-values obtained by the combined structural and OD refinement of CrSi 2 -r, CrSi 2 -v and CrSi 2 -h XRD patterns

		CrSi 2 -r	CrSi 2 -v	CrSi 2 -h
	Number patterns	8	9	162
	a (Å)	4.43015(5) 4.42850(8) 4.42996(5)
	c (Å)	6.36161(8) 6.36234(4) 6.36117(7)
	Volume (Å 3 )	108.12	107.67	108.11
		Cr at 1/2, 0, 0 (Wickoff pos. 3d)
	B iso (Å 2 )	0.25(2)	0.15(1)	0.31(2)
		Si at x, -x, 1/3 (Wickoff pos. 6j)
	x	0.1662(4)	0.1669(5)	0.1661(5)
	B iso (Å 2 )	0.29(2)	0.48(2)	0.37(2)
			Profil R-factors	
	R wp (%)	23.3	31.0	29.85
	R exp (%)	19.6	17.9	20.0
	χ 2	1.4	3.0	2.3
			OD R-factors	
	R w (%)	4.6	13.4	14.5
	R b (%)	7.6	15.4	16.3

orientation strength in the textured polycrystalline sample as well as the presence of grain boundaries participating in the diffusion of heat-carrying phonons. Randomly textured CrSi 2 -r logically shows intermediate values with κ of 11.9 W m -1 K -1 at 323 K.
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